phosphatase (ALP), type I collagen and osteocalcin
. Their differentiation is controlled by bone formation regulators, including members of the transforming growth factor-␤ (TGF-␤) superfamily and cytokines [16] .
DPSCs are capable of differentiating into odontoblast-like cells, osteoblasts, adipocytes, smooth and skeletal muscle cells [17] [18] [19] . For example, DPSCs may form a woven bone complex in vitro [19] , which can be remodelled into lamellar bone after in vivo transplantation [17, 18] . DPSCs express nestin and GFAP, which are molecules related to the neural crest-cell origin of the dental pulp [20] .
The multipotent stem cell content of the dental pulp indicates that this tissue has a big potential for clinical applications. It offers the opportunity to elucidate the cellular and molecular mechanisms that operate during developmental and regeneration of dental and other craniofacial structures, and is thus a subject that deserves further studies.
In this study we analysed human adult DPSCs isolated with an explants-culture method in order to evaluate their differentiation potential into different lineages.
Materials and methods

Patients and human dental pulp extraction and culture
Human dental pulp was extracted from third molars of eight healthy individuals (aged [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] 
Smooth muscle differentiation
Cells were plated at a concentration of 8000/cm 2 (Fig. 1A) . These cells were harvested periodically by treatment with EDTA and mild trypsinization and were grown on collagen-coated culture surfaces, where they exhibited a triangular morphology (Fig. 1B) (Fig. 1D) . Cytofluorimetric analysis of hD-DPSCs showed a 37% expression for CD146, whereas haematopoietic stem cell markers (CD133, CD34, CD117) and endothelial markers (VEGFR, CD31) were not present or only at very low levels (1.8% expression for CD34) (Fig. 1E ).
RNA extraction and RT-PCR analysis
Osteogenic and chondrogenic differentiation of human dental pulp explant-derived cells
In order to obtain differentiation into osteoblasts, we cultured hDDPSCs and compared their differentiation potentiality with human DPSCs [17] [18] [19] 23] . Cells were cultured in osteogenic medium for 21 days, then fixed and processed for ALP staining. DPSCs and hDDPSCs showed no significant differences in ALP activity, and ALP expression was detected also in the absence of BMP-2 ( Fig. 2A) (Fig. 2C) . Both bone-and cartilage-specific markers were transcribed, suggesting a commitment of hD-DPSCs to chondro-osteogenic phenotype (Fig. 2D) in a 3D structure.
Mutipotency of human dental pulp explant-derived cells in skeletal and smooth muscle cells lineages
We investigated the myogenic potential of human dental pulp cells, analysing their conversion into skeletal and smooth muscle cells phenotype. (Fig. 3A) .
For skeletal muscle differentiation, we established a xenogenic cell culture model in vitro in which different populations of human DPSCs were tested for their ability to fuse with mouse myotubes. In this model, DPSCs and hD-DPSCs that were previously infected with a nuclear-LacZ lentivirus, were co-cultured with C2C12 myoblasts for 2 days under proliferative conditions then switched to differentiation conditions for an additional 4 days. Multinucleated myotubes were identified by the presence of sarcomeric myosin heavy chain and human nuclei that are unequivocally identified by positive X-Gal staining. Contribution of human dental pulp cells to myotubes was determined by the percentage of human nuclei in the myotubes versus total number of human nuclei. The results clearly show that co-culturing of human dental pulp cells with the C2C12 mouse myoblasts resulted in a significant contribution of human nuclei to mouse myotubes
In fact, the fusion percentage of hD-DPSCs cells and DPSCs was 23 Ϯ 4% and 15 Ϯ 2%, respectively (Fig. 3B). The presence of human nuclei in mouse myotubes raised the question as to whether any human muscle-specific genes were transcribed. In the in vitro myogenesis model, we observed that most 'hybrid myotubes' were positive for multiple human nuclei. However, the staining intensity of these nuclei was not consistent, appearing as a decreasing gradient from one brightly stained nucleus. This observation suggests that the human nuclear proteins from a nucleus were transported to neighbouring mouse nuclei. Therefore, we suggest that mouse muscle-specific transcription factors could translocate in a similar fashion as human nuclei and turn on transcription of human muscle-specific genes. To measure the human muscle gene expression, total RNA was isolated from C2C12 and hD-DPSCs cells co-cultures. RT-PCR was performed with human primers specific for muscle transcription factors. We detected human MyoD gene expression in the co-cultures, indicating © 2009 The Authors Journal compilation © 2010 Foundation for Cellular and Molecular Medicine/Blackwell Publishing Ltd
Fig. 1 Phenotypic characterization of hD-DPSCs. (A) Phase-contrast morphology of the cellular outgrowth of a fragment of human dental pulp tissue (dark area, arrow highlighted). Round and refractile cells are visible on the top of a layer of fibroblast-like cells (original magnification ϫ200). (B) Phase contrast-morphology of hD-DPSCs plated on collagen coated dish or (C) on poly-D-lysine coated dish for 72 hrs (original magnification ϫ200). (D) Population doublings of two different cell populations, cells were counted every 3 days. (E) Fluorescence-activated analysis of hD-DPSCs using antibody against endothelial markers (left panel), haematopoietic stem cells markers (middle and right panel), and for mesenchymal stem cell marker CD146 (right panel).
that muscle-specific genes in dental pulp cells can be turned on through myogenic fusion (Fig. 3C) . (Fig. 5A) . (Fig. 5B ).
Smooth muscle differentiation was analysed by treating DPSCs and hD-DPSCs with TGF-␤ (5 ng/ml) in DMEM medium supplemented with 2% horse serum for 1 week (TGF-␤ was added every second day). Control cultures were grown in DMEM supplemented only with 2% horse serum (control medium). Then cultures were fixed and stained with a mouse monoclonal antibody recognizing human smooth-muscle actin (SMA) (Fig. 3D). Immunofluorescence analysis revealed that in both cultures undergoing TGF-␤ treatment (but not in control cultures) a high expression of smooth-muscle actin was found with no significant differences between DPSCs and hD-DPSCs.
In vivo transplantation of human dental pulp cells in regenerating muscle
Discussion
The Additionally, our results showed that hD-DPSCs were able to fuse to myoblasts in vitro with a higher efficiency than has been previously reported [17] . Given [28] [29] [30] . Immunohistochemical detection of the regulatory peptide ET in the endothelium of human dental pulp of developing and mature teeth provides evidence for local ET production and distribution in these tissues. Injection of ET caused vasoconstriction and decreased blood circulation in the pulp of dogs [31] , thus demonstrating that receptors for ET also exist in the dental pulp. Although the possible role of ET in developing tissues is far from being clear, the mitogenic effects and the stimulation of proto-oncogenes expression induced by ET in some cells raise the possibility that this peptide might also play a role during tooth development [32, 33] . 
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